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FOR THE HI COLLABORATION 

Signals of QCD instanton induced processes are searched for in deep-inelastic ep scattering at HERA 
in a kinematic region defined by the Bjorken scaling variables x > 10 -3 , 0.1 < y < 0.6 and polar angle 
of the scattered positron 8 e i > 156°. Upper limits are derived from the expected instanton-induced 
final state properties based on the QCDINS Monte Carlo model. 



1 Instantons in DIS 

After initial work by Balitsky and Braun0, 
theoretical and phenomenological studies of 
the role of instantons in deep inelastic scat- 
tering (DIS) at HERA have been vigor- 
ously pursuedfj by Ringwald, Schrempp and 
collaboratorsB. 

Instanton induced processes (I-events) in 
DIS arise predominantly from photon gluon 
fusion in an instanton background (see Fig. ||) 
via the reaction 



where qn (q~n) denotes right handed quarks 
and g gluons. The cross section is calculated! 
to be in the range 10-100 pb for 0.1 < y < 0.9 
and x > 10~ 3 , which is sizable but three or- 
ders of magnitude smaller than that of "nor- 
mal" DIS events. 

The final states in I-events are charac- 
terized by: a current-quark jet (q" , Fig. ||), 
a partonic final state from I-decay consist- 
ing of 2nf — 1 right-handed quarks and anti- 
quarks. In every I-induced event, one quark 
anti-quark pair of all «/(= 3) flavours is si- 
multaneously produced. In addition, on av- 
erage 

(n g )W ~ 0(l/a s ) ~ 3 gluons are 



"See papers 250-252, 254, 255 submitted to this Con- 
ference. 

b Right handed quarks are produced in instanton pro- 
cesses, left-handed ones in anti-instanton processes. 




Figure 1. Dominant graph for the instanton- 
induced contribution to deep-inelastic ep scat- 
tering with the relevant kinematic variables as 

x' = 
x')/x'. 



indicated: Q' z = -q' 2 = -(q - q') 2 
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/2(g-q'), W 2 = {q' + gY 
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isotropically emitted in the I-process. I- 
events are thus expected to show a pseudo- 
rapidity (77) region (with a width of about 
1.1 units) densely populated with particles 
of high transverse momentum and uniformly 
distributed in azimuth. This, together with 
the high density of partons emitted in the 
I-process leads to a high particle multiplic- 
ity and large transverse energy. To simu- 
late QCD-instanton induced scattering pro- 
cesses in DIS and their characteristic final 
states, the QCDINS Monte Carlo genera- 
tor was developed. § It is based on instan- 
ton perturbation theory and imbedded in 

herwig! 



2 HI results 

The preliminary HI results presented here 
use data taken in 1997 with the HI detector, 
corresponding to an integrated luminosity of 
C = 15.78 pb~ x . The analysis is performed 
in the DIS kinematic region 0.1 < y e i < 0.6, 
x e i > 10~ 3 and 9 ei > 156°. The total DIS 
sample comprises ~ 280K events. 

The search strategies aim to enrich a data 
sample in /-induced events using cuts on se- 
lected observables while optimizing the sepa- 
ration power, defined as the ratio of the de- 
tection efficiencies, for /-induced and DIS- 
events. 

The following observables^ have been 
used: (I) Etj e t, the jet with highest Et (cone 
algorithm with radius R = 0.5). This jet 
is associated with the current quark (q") in 
Fig. |[ (2) The virtuality of the quark en- 
tering the I-process Q' 2 = — (q — q") 2 where 
the photon (4-momentum q) is reconstructed 
from the scattered electron. (3) The number 
of charged particles tlb in the so-called "in- 
stanton band" .0 (4) The sphericity SPH cal- 
culated in the rest system of the particles out- 
side the current jet. (5) Etb the total trans- 
verse energy in the instanton band calculated 
as the scalar sum of the transverse energies 
and (6) a quantity measuring the Et 

weighted event isotropy. 

Among many studied, three scenarios 
are chosen based on the following crite- 
ria: (A) The highest instanton efficiency 
(e ins w 30%), (B) high e ins with reasonable 
background reduction and (C) highest back- 



C A11 observables, except sphericity, are calculated in 
the hadronic CMS (<f + P = 0). 

^Particles belonging to the jet q" are removed from 
the final state and the £>r-weighted mean pseudora- 
pidity fj is recalculated with the remaining ones. The 
instanton band is defined as fj rt 1.1. 
e A;, is defined as A;, = Em E E ° l,t where E$ n (Eout) 
is the maximal (minimal) value of the sum of the 
projections on all possible axis i of all energy depo- 
sitions in the band (i.e. E{ n 

isotropic events (jet-like events) A;, is expected to be 
small (large). 
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Figure 2. The distributions of kinematic variables 
in cut-scenarian C, compared with the Color Dipolc 
Model (CDM)H, MEPSLJ and QCDINS. 



ground reduction (edis ~ 0.13 — 0.16%) with 
ems « 10%. 

Table g summarizes the number of events 
in data and expected in the standard DIS 
Monte Carlo simulations after applying cuts 
A)-C). Distributions after cuts C are shown 
in Fig. ||. An excess of events over DIS Monte 
Carlos is observed. However, the size of this 
signal is comparable with the difference be- 
tween CDM and MEPS. Also, the excess in 
transverse energy Etb in the instanton band 
differs from the QCDINS expectation. Never- 
theless, given the uncertainties in the I-event 
cross section calculation and the modelling 



Table 1. Measured numbers of events and expected background for 3 cut scenario's. The errors are systematics 
dominated. 
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of the hadronic final state, an I-signal of the 
form predicted by QCDINS cannot be ex- 
cluded at this stage of the analysis. 

HI has derived cross section upper limits 
(95% CL) by comparing the QCDINS pre- 
dicted cross section, data and CDM/MEPS 
expectations. Results are shown in Fig. 3. 
Regions above the curves are excluded^. 
Instanton cross sections between 100 and 
1000 pb are excluded. 
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Figure 3. Upper limit on the cross section for instan- 
ton induced events as modelled by QCDINS as a func- 
tion of x' in bins of Q' 2 . Regions above the curves 
are excluded. Also shown is the instanton cross sec- 
tion predicted in the fiducial region x' > 0.35 and 
Q' 2 > 113 GeV 2 . 
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f For a detailed description of the methods used, the 
reader should consult the original HI paper □. 



